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Abstract 
Atherosclerotic plaques have a high proba-
bility of undergoing rapid progression to steno-
sis,  becoming  responsible  of  acute  coronary
syndrome  or  stroke.  Microcalcifications  may
act as enhancers of atherosclerotic plaque vul-
nerability. Considering that calcifications with
a  diameter  smalller  than  10  mm  in  paraffin
embedded tissue are rather difficult to detect,
our aim was to analyze microcalcifications on
semithin sections from epoxy resin embedded
samples of carotid endarterectomies using an
original  trichromic  stain  (methylene  blue-
azur B - basic fuchsine - alizarin red). We have
compared  samples  stained  either  with  our
method, methylene blue-azur B alone or with
Von Kossa staining, and methylene blue-azur
B  -basic  fuchsine  alone  or  with  Von  Kossa
staining.
Our method resulted to be simple and fast
(ca. 2 min), it gives a sharp general contrast
for all structures and allows to easy identify
collagen and elastin. In addition, gray-green
colour associated to intracellular lipid droplets
evidences  foam  cells,  which  are  particularly
abundant in endarterectomies samples. Mast
cells  and  their  metachromatic  granules  are
also  well  recognized.  Calcifications  over  0,5
mm  are  clearly  recognizable.  In  conclusion,
microcalcifications  are  clearly  distinguished
from the extracellular matrix in spite of their
reduced dimensions. Methylene blue-azur B-
basic fuchsine-alizarin red method is easy to
use, reproducible, and is particularly suitable
for the identification of microcalcifications in
the morphological analysis of atherosclerotic
plaques. 
Introduction
The  term  “vulnerable  plaque”  is  used  to
identify thrombosis-prone plaques and plaques
with  a  high  probability  of  undergoing  rapid
progression,
1 thus  becoming  responsible  of
acute coronary syndrome or stroke. The role of
microcalcifications of about 10 mm in diameter
in atherosclerotic plaque vulnerability is still
debated.
2-4 From a morphological point of view,
microcalcifications are not so easy to detect,
just  by  observing  paraffin  embedded  histo  -
pathological (3-5 mm thick) sections. Diffuse
calcification can be observed using Von Kossa
staining,
5 but such small calcifications cannot
be  accurately  measured.  Diffuse  interstitial
calcification has been analyzed by Fitzpatrick
et al.
6 in coronary arteries on plastic (glycol-
methylmethacrylate)  embedded  sections
stained  with  Von  Kossa  and  counterstained
with  Van  Gieson  and  aldehyde  fuchsine.
However, these sections were 5 mm thick and
no  measurement  of  the  calcifications  was
reported. A better characterization of microcal-
cifications may be achieved observing at light
microscopy  semithin  sections  obtained  from
epoxy resin embedded tissue samples, whose
thickness can be thinner than 1 mm. Staining
of epoxy resin semithin sections can be per-
formed by monochromic or polychromic meth-
ods on material routinely processed for trans-
mission electron microscopy. The first staining
methods were developed in the 70’s
7,8 and are
still very useful, both in deciding orientation of
the sample prior to ultrathin sectioning and to
clearly identify and describe cells, extracellular
matrix,  and  mineral  deposits.  Subsequently,
these polychromic stains have been applied by
several  authors  onto  epoxy  embedded  semi-
thin sections.
9-11
However,  no  polychromic  method  specific
for our goals is available in the literature. In
fact, the microscopic characterization of ather-
osclerotic endarterectomy specimens needs a
rapid polychromic staining method allowing to
clearly  distinguish  cells,  collagen,  elastin,
lipids and calcium deposits. Therefore, on the
basis of the method reported by D’Amico
11 we
have developed a simple, rapid and trichromic
method, which considers the use of methylene
blue- azur B, basic fuchsine and alizarin red.
Materials and Methods
Sample preparation for transmis-
sion electron microscopy
Thirty endoarteriectomy specimens (20 men
and  10  women,  aged  63-70  years)  were
obtained  after  patients’  consent.  Samples
belonging to atherosclerotic lesions (type III to
VI)  were  fixed  immediately  upon  recovery.
Sample fixation time was at least 4 days at 4°C
in 2,5% glutaraldehyde in PBS pH 7.4. 
Sections  were  obtained  from  endarterec-
tomies  according  to  Lovett  et  al.
12,13 Briefly,
from  every  endarterectomy  three  transverse
slices, about 2 mm thick and about 1.2-1.4 mm
wide have been considered. The first slice cor-
responded  to  the  maximal  stenosis  point,
whereas the second and the third ones were 3
mm  upstream  and  3  mm  downstream  of  it,
respectively. The second and the third slices
were cut again in three or four pieces of about
3 mm width. This procedure allowed obtaining
parts at full thickness, with both the endothe-
lial and tunica media sides. The slice corre-
sponding to the maximal stenosis point was
enough  thick  in  the  middle  to  cut  multiple
pieces; in this case the parts have shown the
media or the endothelial side. 
After at least 48 h samples were washed in
PBS pH 7.4, cut in small pieces and postfixed
in 1% OsO4 in PBS, pH 7.4 for 2 h. Samples
were then dehydrated in a series of increasing
ethanol solutions. Specimens were embedded
in epoxy resin, that has been prepared with
agar 100, MNA, DDSA, BDMA (Agar Scientific,
Ltd., Cambridge, UK). In order to allow a cor-
rect  resin  penetration,  samples  were  kept
overnight  in  50%  propylene  oxid-50%  resin.
Samples  were  put  in  plastic  capsules  with
epoxy resin and placed at 60°C for 48 h to allow
resin  polymerization.  Extreme  caution  and
suitable embedding capsules were used to pre-
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resin  embedding  and  polymerization.  Final
dimensions  of  semithin  sections,  obtained
with  an  ultramicrotome  (Leica  Ultracut
EMUC6, Wetzlar, Germany), were about 4ﾥ4
mm (length x width) and 0.850 mm thick, so
they allow to clearly observe a full-thickness
section of the slices upstream and downstream
from  the  maximal  stenosis  point.  Sections
were placed on glass slides and dried on a hot
plate at 65°C (LKB 2208 multiplate, Victoria,
Australia).  Glass  slides  were  subsequently
stained as follows. 
Staining solutions 
Solution A and B are prepared as reported in
D’Amico.
11
Solution A: methylene blue 0.5 g, azur B 0.5 g,
borax 0.5 g, distilled water 100 mL; 
Solution B: basic fuchsine 0.1 g, 50% ethanol
10 mL, distilled water 10 mL; 
Solution C: 2% alizarin red in distilled water. 
Staining solutions A, B, C were preserved in
dark glass bottles, maintaining their stability
for several months.
Staining procedure
1. Place on the glass slide just enough solu-
tion A in order to cover the sections, heat
on a hot plate (65°C) for 10 s.
2. Rinse briefly with a jet spray of distilled
water.
3. Place on the glass slide just enough solu-
tion B in order to cover the sections, heat
on a hot plate (65°C) for 10 s.
4. Rinse briefly with a jet spray of distilled
water.
5. Place on the glass slide just enough solu-
tion C in order to cover the sections, heat
on a hot plate (65°C) for 10 s.
6. Rinse briefly with a jet spray of distilled
water.
7. Dry on a hot plate.
The  staining  procedure  was  performed  in
three different ways: 
Steps 1, 2, 7 only (monochromic stain);
Steps 1-4 and 7 only (bichromic stain);
Steps 1-7 (trichromic stain).
A  section  of  the  same  sample  was  also
stained first with Von Kossa staining and then
with the monochromic stain.
A  section  of  the  same  sample  was  also
stained first with Von Kossa staining and then
with the bichromic stain.
Von Kossa staining (modified from Sasaki et
al.
14): Semithin sections were incubated with
an aqueous solution of 5% silver nitrate for 15
min  at  room  temperature  under  sunlight.
Following  distilled  water  rinse,  the  sections
were incubated with a 5% sodium thiosulfate
solution for 5 min.
Digital image analysis of tissue 
sections
Comparisons  were  performed  by  optical
quantification and counting of microcalcifica-
tions  on  light  microscopy  images  captured
with  a  camera  equipped  Zeiss  Axioscope  40
(Oberkochen, Germany) using the MRGrab 1.0
software  (Carl  Zeiss  Vision,  Oberkochen,
Germany).  To  achieve  further  information,
digital images captured at low magnification
were connected with the Photomerge function
of  Adobe  Photoshop  CS3  (Adobe  Systems
Incorporated, USA) and a complete, perfectly
oriented reconstruction (with full width) was
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Figure  3.  Carotid  endarterectomy.  Von
Kossa staining followed by monochromic
staining.  The  large  calcification  appears
dark  grey-black.  Small  calcifications  are
dark  grey  but  they  are  very  difficult  to
locate and to certainly identify as microcal-
cifications and not precipitates, because of
the  blue  monochromic  ground  colour,
400X. 
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Figure  2.  Carotid  endarterectomy.  Mono-
chromic staining. Boundary between ather-
osclerotic plaque fibrous cap and necrotic
core. Monochromic staining does not allow
distinguishing lipid vacuoles in foam cells’
cytoplasm, being confused within the gener-
al  ground  colour.  Microcalcifications  are
not clearly recognized; a large calcification is
shown on the right side of the micrograph.
Cholesterol clefts near the large calcification
are not so easy to identify (arrow), 400X. 
Figure 1. Carotid endarterectomy. Mono-
chromic  staining.  Boundary  between
thickened intima and media. The extracel-
lular  matrix  appears  in  various  cyan
nuances.  Cells  are  recognizable  by  dark
blue  nucleus  and  light  blue  cytoplasm.
Elastin is clearly distinguishable from col-
lagen  only  when  organized  within  the
internal elastic lamina (arrow), 400X. 
Figure 4. Carotid endarterectomy. Bichro-
mic staining. Boundary between thickened
intima and media. The use of this proce-
dure  enables  a  clear  distinction  between
collagen  (pink)  and  elastin  (red  violet),
400X. 
Figure 5. Carotid endarterectomy. Bichro-
mic  staining.  Boundary  between  athero-
sclerotic  plaque  fibrous  cap  and  necrotic
core.  Contrast  among  different  types  of
cells and the extracellular matrix is better
than  in  monochromic  staining,  400X.
Microcalcifications are not so easy to detect
if very small (<5 µm), because they appear
very  similar  to  collagen.  Foam  cells  are
clearly  defined,  with  evident  gray-green
lipid  vacuoles.  Cholesterol  clefts  present
near the large calcification are recognized
(arrows), 400X.achieved.  This  procedure  allows  recognizing
the various areas of the plaque and thus mak-
ing easy to further focus the subsequent obser-
vations.
Statistics 
Captured  images  were  evaluated  by  the
same operator (M.R.) in three different occa-
sions. 
Coefficient  correlation  between  the  results
obtained by analyses of Von Kossa stained and
trichromic stained sections was calculated using
MedCalc Software (9030 Mariakerke, Belgium);
significance of the difference among groups was
determined  using  the  non-parametric  Mann-
Withney  U  Test  (calculated  using  MedCalc
Software,  Mariakerke,  Belgium)  with  P<0.05
being considered statistically significant. 
Results 
Monochromic stain (Figures 1 and 2): this
monochromic staining showed a low contrast,
not allowing a clear histological characteriza-
tion of cellular and extracellular components of
the  tissue.  In  fact,  collagen  and  elastin  are
stained in various cyan nuances so elastin is
clearly recognizable only when it is organized
within  the  thick  internal  elastic  lamina
(Figure 1). In addition, cells that are not well
highlighted in those nuclei appear dark blue
(nucleolus  and  heterochromatin  appearing
darker than euchromatin), whereas the cyto-
plasm is shown in a lighter blue. Foam cells’
cytoplasm is usually filled up of lipid droplets,
so it mixed up with the general ground colour.
Small  calcifications  are  very  difficult  to  be
detected, while only larger ones are clearly rec-
ognizable (Figure 2). Cholesterol clefts did not
stand out from the general ground colour.
Von Kossa stain followed by monochromic
stain (Figure 3): if compared with the mono-
chromic stain (Figures 1 and 2), the only dif-
ference appears to be the strong black stain of
larger calcification. Small calcifications as well
are stained dark grey-black, but they are very
difficult to locate because of the blue mono-
chromic ground colour (Figure 3).
Bichromic stain (Figures 4 and 5): the use
of two dyes attempts to overcome the lack of
histological contrast. This method stains colla-
gen in pink and elastin in red violet, making
the last one clearly recognizable, even when it
does not organize in a thick lamina (Figure 4).
Cells  appear  better  defined,  nuclear  hete-
rochromatin  and  nucleolus  are  dark  blue,
whereas euchromatin is lighter blue. Nuclei
and cytoplasm are well contrasted; in particu-
lar,  intracytoplasmic  lipid  droplets  are  gray-
green (tea green). Large calcifications (over
100 mm), identified by their irregular shape,
are  fuchsia  pink.  Microcalcifications  (<10
mm), in turn, were not easy to detect, in partic-
ular if less than 5 mm, since their colour was
very similar to collagen and the appearance is
more  homogeneous  (Figure  5).  Cholesterol
clefts are clearly visible on the ground colour
(Figure  5,  arrows).  The  precipitation  of  dye
was generally rare.
Von Kossa stain followed by bichromic stain
(Figure  6):  if  compared  with  the  bichromic
stain  (Figure  5),  the  larger  calcification
appears dark rose. Small calcifications are also
dark rose but are very difficult to locate as they
can be confused with collagen stain.
Trichromic stain (Figures 7, 8 and 9): this
method uses three dyes, two as in bichromic
stain with the addition of alizarin red, so colla-
gen appears pink and elastin purple (Figure 7).
Both nucleus and cytoplasm are well contrast-
ed (Figures 8 and 9). The addition of alizarin
red  does  not  change  the  staining  of  lipid
droplets, that appear gray-green (tea green) as
in the bichromic stain. Calcifications, and par-
ticularly  microcalcifications,  are  much  high-
lighted  in  red  brilliant  colour  by  means  of
alizarin  red  (Figures  8  and  9).  Moreover,
microcalcifications  are  simple  to  detect  in
spite of their dimension (Figure 9: the long
arrow points out the 0,5 mm calcification; the
short arrow points out the 2 mm calcification),
keeping a different colour with respect to that
of the extracellular matrix (Figures 8 and 9).
This  finding  was  further  statistically  con-
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Figure  6.  Carotid  endarterectomy.  Von
Kossa  staining  followed  by  bichromic
staining.  Large  and  small  calcifications
appear in dark rose. It is very difficult to
discriminate  such  calcifications  because
they mingle with collagen (pink), 400X. 
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Figure 7. Carotid endarterectomy. Trichro-
mic staining procedure. Boundary between
thickened intima and media. The technique
depicts a very similar image compared with
Figure 4. In fact, collagen is stained in pink
and elastin in purple, 400X. 
Figure 8. Carotid endarterectomy. Trichro-
mic staining procedure. Boundary between
atherosclerotic  plaque  fibrous  cap  and
necrotic  core.  Nuclei  and  cytoplasm  are
clearly  distinguished.  Foam  cells  show
sharp  boundaries  and  defined  nuclear
chromatin.  The  addition  of  alizarin  red
does  not  change  the  staining  of  lipid
droplets,  gray-green  as  in  the  bichromic
procedure.  Microcalcifications  are  simple
to detect in spite of their dimension (clear-
ly visible and identifiable if <2 µm), and are
much highlighted by means of alizarin red.
Cholesterol clefts present near the large cal-
cification  are  visible  (arrow),  400X.  The
large  calcification  appears  more  brilliant
compared with Figures 3 and 6. This tech-
nique  allows  achieving  a  better  contrast
between  microcalcifications  and  ground
colour compared with Figures 5 and 6. 
Figure 9. Carotid endarterectomy. Trichro-
mic  staining  procedure.  The  contrast
among all the elements of this trichromic
image is improved. Small to very small cal-
cifications are shown (the long arrow corre-
sponds to the 0,5 µm calcification; the short
arrow  corresponds  to  the  2  µm  calcifica-
tion).  The  arrangement  of  fibres  of  the
extracellular  matrix  is  evidenced.  Foam
cells are clearly identified. Note the absence
of precipitates, 1000X.firmed; in fact, the differences in the microcal-
cifications  detection,  found  analyzing  the
three  groups  of  images,  was  significant
(P=0.041) when the operator analyzed images
captured  from  Von  Kossa  stained  sections,
whereas it was not significant (P=0.131) when
the  images  were  captured  from  sections
stained with the proposed stain.
The sharp contrast existing between struc-
tures and a very defined, resolved and poly-
chromic  image  is  obtained.  Extracellular
matrix filaments’ arrangement is detectable,
boundaries among cells are clean, and nuclear
chromatin arrangement as well as intracyto-
plasmic  lipid  droplets  can  be  distinguished
clearly. Finally, this method enables to detect
microcalcifications  without  precipitation  of
dye, as shown in Figures 7, 8 and 9.
Discussion
The thickness of the atherosclerotic plaque
cap represents a critical parameter in the eval-
uation of vulnerable plaques.
15 Recent studies
suggest  that  the  presence  of  microcalcifica-
tions in the cap increases plaque vulnerability,
weakening the plaque and leading to its rup-
ture,
2,3 thus supporting the importance to iden-
tify this kind of calcifications. For the above
reason we have developed a simple and fast
procedure,  which  employs  methylene  blue,
azur B, basic fuchsine and alizarin red. This
staining method allows identifing and measur-
ing  microcalcifications,  if  over  0.5  mm,  on
epoxy  resin  semithin  sections.  The  use  of
methylene  blue,  azur  B  and  basic  fuchsine
allows  achieving  a  sharp  definition  of  the
extracellular matrix, with a clear distinction
between collagen and elastin. Foam cells are
easily recognizable by their numerous intracy-
toplasmic lipid vacuoles. The advantage of our
method is that it allows a clear and easy recog-
nition of microcalcifications without the pres-
ence of precipitates. This method takes only 2
minutes, so it is fast compared with the one
reported  by  Humphrey  and  Pittman,
8 which
lasts from 30 min to 1 h and uses two dies
instead of three as in the present report. The
effectiveness  of  our  method  is  evident  if
Figures 3 and 8 are compared. Thoroughness
is clear from Figure 9, in which 0.5 mm and 2
mm calcifications are shown. The Von Kossa
stain is considered as the gold standard in his-
tological staining to detect calcium in cell cul-
tures and atherosclerotic plaques.
16 Neverthe-
less, Von Kossa staining is not specific for cal-
cium cations and depends on the presence of
the anion of the salt, which may be carbonate,
phosphate, oxalate, sulphate, chloride or sulfo-
cyanide.
17 In addition, Von Kossa stain may not
be sensitive enough to detect smaller and more
finely  distributed  calcium  granules.
18 More  -
over, the presence of phosphate do not imply
the  presence  of  hydroxyapatite  or  calcium.
19
Atherosclerotic  plaques  contain  bioapatite,
corresponding  to  defect  hydoxyapatite  with
substantial macro incorporation of carbonate,
sodium,  magnesium  and  fluoride.
20 Alizarin
red binds calcium, and it is very thorough, as
confirmed in a confocal microscopy study on
vulnerable plaque rupture.
3 Although confocal
microscopy  allows  the  three  dimensional
reconstruction of the calcification, the image
obtained is limited to the calcification itself
in that cells and extracellular matrix are not
visible.
3
We believe that a method with methylene
blue, azur B, basic fuchsine and alizarin red,
performed on epoxy resin semithin sections is
particularly suitable for the detection of micro-
calcifications in atherosclerotic vessels, easy
and reproducible. Contrary to common think-
ing, epoxy resin semithin sections are useful
both for light and electron microscopy and for
immunostaining.
21-24 Besides, they can be also
successfully  used  for  in  situ hybridization.
25
Histological evaluation is usually based on the
observation of polychromatic images taken at a
magnification of about 400X. When used for
the first general evaluation of a sample, trans-
mission electron microscopy images are usual-
ly obtained at about 1250X and they are grey-
scale images. Therefore, polychromatic images
obtained with the present method, at a magni-
fication of about 1000X, represent a bridge of
information between ordinary light microscopy
and transmission electron microscopy.
Although methylene blue- azur B and basic
fuchsine  have  been  used  by  Humphrey  and
Pitman,
8 and  alizarin  red  has  been  used  by
Gilmore et al.
26 to stain epoxy resin embedded
semithin sections, to our knowledge there is
no report on such a trichromic method as the
one proposed herein. In addition, our method
considers the use of common laboratory dyes,
easy to manage and cheap. 
We propose to use this method, in studies
on atherosclerotic vessels, before conventional
electron microscopy. In fact, the use of conven-
ient light microscopy techniques combined to
electron microscopy can enrich and complete
information achievable from clinical data and
in vivo imaging techniques. 
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